This paper proposes a refl ection on the relationships between university and production system based on the results analysis of 50 activities agreed by the DSA -Department for Architectural Science (University of Genoa) with companies, institutions and organizations in the period 2005-2011. The paper is divided in three parts. In the fi rst part "Innovation and Growth" the fi fty conventions, the theoretical frameworks, the elements and criteria of the built dataset will be introduced supported by the presentation of the most remarkable case studies. The second part "Shaping data to bring out meanings" will show how a graphic visualization was drawn as a methodological tool of analysis and will underline the observations suggested and highlighted. The third part "Collaborative models -contemporary roles for designers" will draw the conclusions, inducted by the work on the dataset, of the role of design and the needs for designer training.
Introduction
The dialogue and the interaction between the education system and the industry is a common practice, among design courses.
Thus, in the research on design education developing a programmatic analysis hitherto neglected on these collaborative activities, is a shared requirement.
Clustering the collected data can help to interpret the results and potentials of these collaborations to redefine the content and methods of design training.
The verification and the consciousness of the processes, involved in such collaborations, and their connections with the achieved outcomes is fundamental for the innovation in design education. It is necessary to understand and detect what the strong and the weak points, which characterize the collaborative experiences with companies and enterprises.
Creating a referential data set using qualitative indicators and parameters is useful to exemplify the role of design in the project, the training approach and the impact on the social fabric.
In order to analyse past experiences to plan for the future, this research makes use of proper design tools to accomplish our research task. We chose a "graphical" 2 approach that is very important in design activities and contemporary languages.
The purpose is to read the data and interpret the information that emerges from an elaborated info-graphic of the relationships between concepts, actions and processes.
It will be shown how the visualization of the soft clustering helped to identify three collaborative models and to outline an answer the question: what are the roles of designers emerging from this scenario and where is the design strategic responsibility in changing processes?
Innovation and growth: Theoretical framework
The topic "design education" is directly connected to the growth both of the involved subjects, and of the cultural-territorial context.
In design teaching, aiming at the match between design and economic system leads to empower the interaction between people, ideas, capital and culture that is a potential vehicle for innovation in products and processes.
Universities, with their scientific and educational production, collaborating with institutions and local businesses, may be the driving force of economic and cultural development.
Furthermore, the collaboration between training system and productive-economic system can offer the opportunity -for an entrepreneur, or an institution -to confront new ideas, new experiments, through the application of validated methods and processes, while at the same time, it can be an opportunity -for students and researchers -to respond to real needs, developing new knowledge.
A fertile relationship between universities and economic context can influence entrepreneurial attitudes, in an efficient system of interaction between people, professionals and businesses, organizations and institutions. Sharing ideas, knowledge, experiences, projects and technologies can encourage the growth of the territorial capital.
During the design process, experimentation is the moment when proficiency and awareness are acquired. In this mechanism interdisciplinary plays a very important role, enhancing the interaction among people, working in different fields.
To go further, as Edgar Morin (2011, p. 195) says, a step forward in the direction of transdisciplinarity is needed. This step is crucial to build a global vision, able to structure and combine different types of knowledge. "Understanding the interdependence of cultural systems and ideas is now more necessary than ever. This will help to change our way of thinking, giving us a tool to escape from the abyss into which the planet appears to be designed. "
The starting point of our reflection was to understand where we are, to take stock of the situation developing a critical thinking on the overall situation of the experiences and the achieved results.
Which are and how are detectable the strengths and weaknesses that have characterized the educational experiences made through collaborations?
To answer this question it was necessary to analyse the data and create a referential dataset of the cluster. Each activity has its own story, made up of people, ideas, needs, outcomes, processes, errors and rewards. Each activity has its inevitable final verification, its assessment and possible developments. Every research has its own important phase of observation. If someone from outside examine how some actions take place, how to use objects and spaces, you can create the knowledge that comes from experience.
The work of cataloguing and drawing an overall assessment on 50 different conventions that the DSA carried out between 2005 and 2011, as well as documenting the objective and quantitative data, has also started a rethinking of each activity by retracing and evaluating the steps of the process, providing an opportunity to an extensive qualitative reflection about the education system.
Mapping method
The adopted method to map the 50 activities saw a first phase when the assets were catalogued by client, by period, by person responsible, by scientific groups involved (students, PhD students).
A second fundamental phase has been the selection and definition of the analysis parameters and the creation of a data framework that provided a system to read the data and drive the research.
Afterwards a graphic visualization was elaborated. It permitted to simultaneously read and confront the 50 conventions, passing from a descriptive analysis of the data to a multivariate analysis that allowed an interpretation and evaluation of the emerged relations (among actions and processes).
Education and production systems. Innovation and growth: Contemporary roles for designers
Quantitative parameters
The examined activities involve the following percentage in the business environment: 42% of Small and Medium Enterprises, 36% of Public Administrations, Institutions and Organizations, 22% of Large Companies or Industrial Groups 3 . The total amount funded to the Department, against the 50 activities, amounted to about EUR 1,450,000.00.
Qualitative parameters
The first parameter taken into consideration concerns the starting point of each activity. What started the convention? Later, the results, the methods, the training approach, and the generated effects (aftereffects) were taken into consideration, following step by step the evolution of the process.
1_Starting point
Why, a company, an organization, or an institution has chosen to collaborate with the university?
To attract talent? For economic reasons? To bind to a community? To increase the potential for "visionary" inside? The reasons that gave rise to each partnership are different and can be summarized as follows:
• Expectations towards the very product (material or immaterial) of the design activity.
• Opportunity to have a collateral result, not necessarily a design product, an advantage, resulting from the relationship with a university (10%).
• Willingness to invest in knowledge, expectation from a participatory experience, often without a direct interest in the product (22%).
2_Results, i.e. outcomes emerged from the educational processes
The evaluation of the results has allowed analysing the outcomes more concretely.
How many experience results were concepts? How many prototypes? How many products (tangible or intangible)? How many gave rise to an effective and documented implementation (verified at the end of the collaboration)? It must be taken into consideration that some of the experiences which led to a concept or a prototype gave products afterwards (for direct initiative of the companies).
In most cases, the results are products (60%), not necessarily only material, but also those achieved in respect to the initial task of the project. A series of activities ended with the development of concept (34%) and only in three cases (6%) prototypes were developed. The research started in 2009; it was developed from the need, expressed by the company, to present a new model of the Electro-train for regional and suburban transport, which had to be outfitted and set up for its launch foreseen by 2015.
The situation of the means of transport and the current service shows an evident uneasiness on behalf of the users and therefore the need to re-think not only the spaces but also a system of adequate fruition of the needs of the contemporary life, in which mobility, communication, relations, types of consumption have evolved without a correspondence with the typology of circulating means and services.
The topic was proposed in a laboratory product, in the first year of the Bachelor course. At the beginning of the project, through site visits in the company, a research brief, specific and structured on the requirements and systems from the engineering company was given to the students.
The students, in groups, developed different aspects of the survey related to the target, the needs and the materials.
They conceptually developed a series of proposals for new ways of living and enjoying the trip. Following up this experience, positively valued both by the company and from the point of view of the learning experience, Ansaldo Breda commissioned the development of a project to be set up on a structure already in production, carried out by a small group of young designers (PhD candidates). The implementation, held in parallel with the technical office of the company engineers, has allowed the continuous verification of the technical and functional, as well as formal solutions.
The project is now in its final phase and will shortly be engineered by the Engineering Company.
3_Training/design approach
The above mentioned example introduces the evaluation of the training process. What kind of approach was carried out? Each of the experiences studied were classified according to three different levels of intervention.
(a) Action. (product design-oriented) It includes those experiences (58%) that were conducted with a targeted approach to product development, material or immaterial. This includes those experiences implemented through the traditional steps of the design process, involving the basic skills of design, taught within the laboratories. The design is meant to be the "shaping" expertise.
(b) Direction. As direction experiences (22%) with companies/organizations/institutions oriented towards a possible result, predefined but shared, and guided by design tools were classified together with those activities in which design enters the process at a strategy level, often possible in second generation relationships. Among them there are, for example, those born after a previous experience of product development (design-oriented tools).
(c) Activism. The term refers to those activities able to catalyse, to stimulate, to give life to change, including social and/or cultural transformations. In this level, those conventions (20%) where the design approach is oriented to develop a process (or a product) as part of what we Education and production systems. Innovation and growth: Contemporary roles for designers defined as a Fringe Design (border design), where design tools are tested to the limits of their power were placed. Those activities in which the design took a proactive role fall into activism area (Fagnoni, 2010) . In these conventions, the process tends to interpret teaching and workshop activities as a research work for groups rather than as a fixed transmission of knowledge and expertise.
In the level activism conventions very different from each other are included. For example, in the Finnmark (a company that manages the health-Expo in Verona) project, in 2007, the DSA was commissioned the following initial study: "The therapeutic space, the environment as a method of treatment for patients with dementia", within an interdisciplinary group (Casiddu and Fagnoni, 2009) . The result was a publication of a book and the seminar presentation. Following the results achieved, in 2008, a subsequent task was commissioned, where the design assumed a coordinating role as project activator and leader of a team of interdisciplinary researcher. Seven companies were involved, and with their help a workshop was organized with 100 students and graduate students to study objects and new solutions for independent living and home care for patients suffering from Alzheimer's.
Afterwards, through the work of selected small groups, some products were engineered and/or prototyped at the companies, and later presented at the Fair.
The typical approach of the company is often oriented to solve problems related to everyday work. The relationship with the University team and the ensuing confrontation on its innovative potential, identified during an audit phase, leads to the definition of a project brief, which is afterwards assigned to young designers (students).
What emerges, in particular for some of the analysed experiences, is how the choices of the industry and its expectations in respect to the project are often re-oriented, involving, in addition to the product, communication strategy, a sign of gradual understanding of the real possibilities of design and the clear need to reset some basic strategies of the company.
Freeing themselves from the idea of working primarily on the product, some projects dealt with larger areas, related to communication and to the structuring of the firm's ability to offer services and redefine the corporate image, identifying new markets and related strategies.
4_Design method
Regarding the method, a simplified classification was chosen, distinguishing two main groups: traditional (72%) and non-traditional (28%). Were included in the traditional group those activities where the work was carried out in working groups, within the laboratories, workshops or training, according to the most common practices.
In this category the experiences carried out in open workshops at a national level, or those where external and professional freelancers participated were included. However, those activities in which an alternative method was experienced, in some cases prompted by the subject in others pushed by a more specific desire to experiment, were classified as non-traditional.
An example is the activity carried out with Philips GmbH, in 2008, "new fields of application of OLED lighting, " which included a workshop at the University of Genoa with 100 students, and an advanced-level workshop with a group selected out of the laboratories of Philips Research Centre in Aachen. The presentation of the results (including a patent) was held at the Science Festival in Genoa.
5_After eff ects
In the collaborations between universities and enterprises the induced effects are an important element. What kind of relationships and what opportunities were generated the activities? Some of them created new collaborative activities in continuation to those already made, some promoted the activation of new agreements with other parties, and others offered job opportunities, internships, recruitment or funded research grants and fellowships doctorate.
Our research showed that the development of new relationships or career opportunities did not depend on the training method used. An important element, instead, was the role of design. Where the design played a leading role in promoting new tools and creative strategies (direction and activism) conventions brought, more easily, to new research opportunities and to other conventions, generating a virtuous circle both for the training activity and for the industry.
An excellent case study in this sense is the relation with the Boero Group (active since 2004).
Along with the progress of the relationship, we evolved from specific consultancy project to a synergistic relationship of business strategy for the development of projects and methods for colour enhancement. Over 20 projects were carried out in different areas, from packaging services for retail and artefacts, to communication projects including international events, such as Home Decor, or colour design projects.
Moving the viewpoint to different situations, focusing on treatment centres or schools and extending up to the entire urban context, it was possible to experiment solutions that could trigger a process of innovation, both within the company itself and in the mechanisms of the relationship with the second part each time involved.
In the project "Colour and Life", 2009, for example, a training event was organized; it involved the public and the distribution network in a process of design-thinking. Afterwards, a workshop was held in a collaborative model, in mixed groups, within the corporate labs in a first phase and, in a second phase, was finished in the University classrooms where fifty, selected, students were involved and yielded a meta-project for new outlets and sales point of the product "colour". Some of the projects were chosen and prized and had been carried out by groups of students in an internship and work experience at the involved corporate.
Shaping data to bring out meanings

Approach and results
Charts and graphs are excellent ways to dig more deeply into a dataset, to tell a story from numbers, effectively helping to draw a picture of a given situation. Semiotics acknowledged the homo sapiens' ability to recognize and read signs and codes and its instinctive need for them (Lotman, 1974) . Our modern society is becoming more and more accustomed to recognize symbols and read graphics, thus we can generally trust and rely on the fact that graphics will be recognized as information vehicles (McCandless, 2010) .
Nevertheless, it is necessary when designing a visualization tool, to focus on the need of easing the access to information in a more direct and quicker way, and to make it understandable not only by the researchers and data owners, but also by non-expert audiences.
"The main goal of data visualization is its ability to visualize data, aiming to be more effective, immediate and clear in communicating information."
4 To convey ideas effectively, both from aesthetic form and functionality, needs to focus on the meaning of the dataset, providing insights even for sparse and/or complex datasets, by communicating their key aspects in a more intuitive way (Hendee, 2010) . While it is crucial to be very comfortable with the dataset and master the data to effectively design visualizations, an outsider (and thus someone not familiar with the data) will be able to understand them thanks to the visualization.
Pie charts
To this purpose, traditional pie charts, drawn from percentages and rates, are very good at showing information like distribution and preponderance.
We used pie charts to see the distribution of the three kind of results we highlighted (60% products, 34% concepts, 6% prototypes), the rather uniform distribution among partner types (36% public administrations, institutes and associations, 22% big companies, 42% small enterprises -reflecting quite faithfully the local economic situation), and the training design approach method where the predominance of the action approach (58% action, 20% activism, 22% direction) was immediately visible.
An efficient info-graphic will also allow the insiders and researchers to analyse the data in a better way, drawing out of them new information and meanings, discovering relationships, connections and links hidden behind the numbers themselves, that might otherwise not be visible, or at least not very easily so in a database file or in a pie chart.
Our own research started from a big Excel file, crucial in the selection phase of the 50 conventions and constituting the base for the construction of the dataset. As the dataset was getting more and more complex, the file was growing bigger and more dispersed.
In order to analyse our data and understand the key points at the base of the educational process we needed to design a graphic visualization that could help us see the connections between the different parameters and their values for each of the 50 conventions, the kind of information that our pie charts could not make visible.
Star shaped visualization
The visualization we chose, to support our analysis, among other solutions we tried, is constellation system shaped.
This visualization permits to add, gradually, different levels of information. Each level corresponds to the analysis metrics that we used, translated into a graphic sign.
Period = size of the icons (chosen to be a meaningful image of the convention)
The icons of the 50 conventions have growing dimensions according to the year each convention began, from the smaller and older ones, to the bigger and more recent ones.
Results (concepts, prototypes, products)
The icons are positioned around the results achieved. By connecting every single convention to its result it becomes immediately visible how the result of most of the older conventions was a product, compared to the more recent ones that lead to a concept or a prototype.
These last two families of conventions, especially as they are more recent, give the hope that their results will possibly be further developed into finished products in a new convention.
Training design approach = brown circles (size is in direct ratio with the percentage of conventions involved)
Adding the training design approach level, as three planets that attract each convention according to the approach involved, we note that the product-oriented approach, identified as action, is the most popular among the conventions aiming at developing a product. This same approach collects all the three conventions leading to a prototype.
It is also evident that the majority of the action approach was used in older conventions. Naturally this approach is more common, and more conventional, while direction and activism took hold in recent times.
We might argue that before, a more passive role of design was expected and required and the collaboration with the University was probably sought more for the proficiency of its collaborators and the quality of its the results, and partially maybe for political or economical reasons.
In the last years this tendency seems to be gradually changing, giving more importance to other aspects like the innovative capacity and creativity in researching (and finding) new strategies and design processes, activating a positive evolution for the reciprocal cooperation and growth for both the productive (industry) and the training system (university).
Clients = three shades of blue colour (overlapped layer to corresponding conventions)
Comparing the clients' pie chart with our visualization (Figures 3 and 5) the uniformity of the distribution of the client types was also confirmed throughout the period that we chose, since it is evident that there is no particular concentration of one of the three in certain years.
At this level the visualization helped us to note another interesting fact: for the most part, small and medium businesses turned to University with a defined brief and a specific request, implying a "classic" role of design. As we have already seen, this classic role is the most suitable way to implement the phases of the traditional process of design training to get to a finished product. Raffaella Fagnoni, Gessica Puri and Clarissa Sabeto These conventions are therefore the most likely candidates for teaching and training, exposing every designer to the basic steps of a project that they must master.
On the contrary, the agreements with public authorities or associations often give the opportunity to address the task with a research oriented mindset, linked to an approach in which students can use tools, knowledge, and design options to research and propose solutions appropriate to the customer's needs, and to guide their strategic choices. The visualization shows that a majority of the conventions that have an activism design approach were held with public administration.
Method=black/traditional -dotted/ non-traditional (overlapped layer to corresponding conventions)
In our visualization it has been interesting to discover that a traditional training method is preferred in those agreements in which the approach of design are in the action type, that is, a more classical approach, and a choice in accord with the very nature of the request.
In fact it emerges that all the 86% of the conventions in the action area were approached with a traditional training method, acknowledged to be effective in training students and guide them in learning the basic tools of design.
A less traditional method perhaps, by its very nature, leads naturally to a proactive approach to training and a promotive design, which becomes an active part in the relationship and strategic cooperation, with new solutions and a wider vision of the target.
After eff ects = violet circles (external to the constellation, connected with each convention that gave rise to new opportunities for collaboration, new agreements with other parties, off ered job opportunities, internships, permanent positions, or funded research grants and scholarships)
Adding the after effects layer to the training method we could understand that the process of fertilization and the possibility of new relationships or career and research opportunities did not seem to depend on the training method used.
Instead, the role of design emerged to be the strong point in promoting new relationships. Where, in fact, the design played a leading role (direction and activism), Education and production systems. Innovation and growth: Contemporary roles for designers 70% of the conventions led to new relationships (90% if activism alone is considered, promoting new and creative strategies and tools, creating new research opportunities and other collaborations in a virtuous circle for both the university and for the company).
To conclude, our Info-graphic shaped the very process we intended to document, that is the collaboration with the industry throughout a selected period. It helped us understand a complex system, analyse and comprehend the results achieved, identify possible problems, and report a growing change in the educational attitude, precious information in the future for programming and managing incoming conventions.
Collaborative models -contemporary roles for designers
Conclusions
The measurement of quantitative and qualitative data led us to design explorations in data visualisation, transforming complex data into an understandable narrative. This creative effort has been and will be able to offer strategic opportunities for the evaluation and planning of training in the design world.
Design is changing; hence scholarly training cannot fail to follow such an evolution. Students will be the new creative, facilitating and motivating force to prompt tomorrow's sustainable changes. Yet, it is necessary to provide opportunity for them to practice and embrace these innovative roles through collaborative projects, encouraging context that enable them to create narratives and storytelling experiences, through relationships across different cultures such as academia and the corporate sector.
A focus on relationships and collaborative models is one of the main aspects that mark the emergence of new approaches design education. Working in synergy by integrating skills and proceeding from the needs of those located in this reality, and in particular promoting applied and experimental research, means developing multidisciplinary connections in which companies can achieve Figure 6 . Star shaped visualization: layer 5 method; layer 6 after effects. Raffaella Fagnoni, Gessica Puri and Clarissa Sabeto tangible results on qualified research and on innovation, while the academic community can measure itself and grow by solving real-world problems. It is in this sense possible to find much common ground upon which to connect, and then to point out where an innovative way to change perceptions can be developed.
In the first place, what emerges from Genoa's experience is that the role of design is certainly the essential engine of new relationships (Spadolini, 2009) . Where, in fact, design played a directive and creative role in promoting new strategies and tools, the conventions led more easily to new opportunities for research and for other collaborations, sparking off a virtuous circle for both the university and its educational activities. The type of processes applied and the quality of results were closely related to the relationships and roles of those involved. Of course, there are no forms and collaborative models that are universally valid. Each choice must be harmonic in relation to the actors that interact in the process in respect of the resources and the two specific cultures: that of training and that of business. However, this mapping project allowed us to define and represent three types of collaboration in which different relationships among the actors involved and the role of design could be distinguished.
The first collaborative model, called "product design oriented", is the traditional one, where students have the role of developers creative and in which design is the instrument subordinated to the project to achieve a result earlier planned by the company. This relationship is essential for the basic training of students.
The second collaborative represented relationship deals with the definition of a purpose shared between company and university, with design as a partner, while the students are creative strategists. In this case the company gives the design process a role of director which tries out unconventional methods through a multidisciplinary project synergistically managed together by a mixed team composed of University and Business.
This is a collaborative model that represents a type of relationship in which design has the function of partner and coordinator-director and students must have already acquired basic training and a well-established awareness of the available tools. The training approach is therefore "direction type".
The third collaborative model is located in what was defined "border design". This is at the limits of the discipline's traditional area of expertise, and sees design as a process activator as well as research and purpose supporter in order to provide the company with answers in a close collaborative relationship and dialogue among companies and universities whose students, once acquired and metabolised an awareness of the tools and methodology of the project, can play a proactive creative role.
Relationships, communication and information are the basis for a shared creative process. Designing means to activate new processes to obtain a deeper understanding of society and their needs, to identify opportunities, to generate creative possibilities, to invent innovative effective solutions, and to present them to the world as innovations suitable for multiple scales.
The essence of designing can demonstrate how design can be an effective method which is applicable to situations far from the horizons of traditional design, such as health, transformation of education, sustainable development and so forth, up to larger scales of strategic planning, organisational transformation and public policy. A proper definition is provided by George Cox Education and production systems. Innovation and growth: Contemporary roles for designers practical and attractive propositions for users or customers. Design may be described as creativity deployed to a specific end. "
Nowadays, there is a need to redefine the role of conscious action able to invite to action, transmit values, to produce culture, to become a necessary strategy to design social welfare and new behaviours, as well as to be a process developing sharing and meaning assimilation actions with full awareness of the meaning of communication and ethics, while also providing new systems of production and consumption. Design, therefore, should be seen as a verb, not just as a noun. It should be conceived as a planning action which is not driven by processes, but activates new processes itself, bringing culture, claiming a social role, and representing the will for substantial changes.
It is now imperative to provide answers to a world that asks for a conscious design while remaining linked to local trademarks with a global environmental vision and a critical view of technology.
We need to stimulate curiosity and vitality, dialogue, discussion, listening, therefore pushing to participative and common growth, and creating critical viewers. The designer must be seen as an educator able to produce change through the project and through new attitudes (Mau, 2004 ).
Yet, who should educate the designer? Toward which direction should the designer's training be oriented? It is perhaps necessary to increase the designer's training, conscious that the project could be much more valid and consistent if those who develop it are able to weave together science, art, technology, philosophy, economics, computer science, psychology, and even neuroscience, thus creating as many connections and relationships as possible among these fields.
The designers of tomorrow will have to be multitasking brains to produce a holistic design of the project's vision, with an imaginative capacity to investigate the project field seen as pro-iacere (Chia, 2008) It seems necessary to invest in knowledge at first, reinventing teaching through an educational system that develops knowledge, skills and attitudes necessary for intercultural dialogue, critical thinking, problem solving and imagination; secondly, it is important to support culture by creating new links between different fields and business to stimulate the creative industries to innovate. We should encourage companies to combine scientific knowledge with empirical knowledge and diversify their staff in terms of gender, training and nationality. Innovation, employment and education policies must co-exist in a major project that sees the synergy of different skills in the processes of change. to govern the design process and outline the attitude of the designer and the very essence of design, which, in its nature as an activator of processes, is associated to the concept of meme (Dawkins, 1989) , a cultural element that, like a gene, tends to replicate itself leading to the spontaneous emergence of evolutionary effect in the cultural field.
Thus Design becomes a vehicle of diffusion and of cultural contamination. Designer as director of tomorrow's cultural mutation.
